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A Dramatic Isotope Effect in the Reaction of ClSiH with Trimethylsilane-1-d: Experimental Evidence for Intermediate Complexes in Silylene Si-H(D) Insertion Reactions
The insertion reaction of silylenes into Si-H bonds is one of the fundamental and most widely studied reactions of silylenes. 1 The mechanism of this process is thought to involve weakly bound intermediate complexes. 2 The evidence for this comes largely from the interpretation of gas-phase kinetic studies, allied to theoretical (ab initio) calculations. The main arguments in favour of such complexes are the existence of low energy minima on the calculated potential energy surfaces 3 for such reactions and the experimental finding of negative activation energies 3, 4 . Despite these arguments the experimental evidence may still be regarded as inconclusive. The complexes themselves have not been seen directly nor has any process unique to the complex itself been identified. We report here an experiment which provides unambiguous evidence of such a process. This fact is a necessary consequence of the low A factor and negative activation energy found in our earlier kinetic study of this reaction. 5 Thus an investigation of the reaction of ClSiH + We report here studies of the kinetics of the gas phase reaction between ClSiH and Me 3 SiD using laser flash photolysis. Details of the technique are given in our earlier review article. 2 ClSiH was made by excimer laser photolysis of 1-chlorosilacyclopent-3-ene 6 collision efficiency in the initial, complex-forming reaction step. Since silylenes, in general, are very efficient at insertion into Si-H bonds 2 (when, unlike in this case, the initial association step is rate controlling) this is a reasonable result. In order to check further, the isotope effect was calculated in the absence of the scrambling process (step (3)), viz when the only pathway open to the complex (apart from redissociation, step (-1)) was rearrangement to form disilane product (step (2)). The value obtained for k D /k H , in these circumstances, was 0.73, in line with expectation for a normal insertion process [8] [9] [10] , but clearly very different from experiment.
In summary, the large isotope effect found in this work, independent of pressure, can only be explained by a rearrangement process of an intermediate complex. This is the first experimental evidence for such a process and necessarily validates the existence of the complex in the Si-H insertion reaction. We have been able to reproduce the magnitude of this isotope effect by theoretical modelling. Further experiments are underway to extend these results to higher temperatures. 
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